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An investigation t o  determine the drag performance of Disk-Gap-Band 

10% scale model parachute assemblies behind the entry vehicle forebody 

has been planned at the AEDC PWT 16s facility. 

The investigation will be conducted over a Mach number range 

M e1.7 - 3.0 at dynamic pressures about 80 PSF. 

of variations of both parachute assembly t r a i l t n g  d i s t m c e  behiw! t ! ; e  

entry vehicle and suspension line length ratio. Measurements wii! con- 

sist of utilization of load cells and a tensiometer to determine the 

parachute performance behind the EV. 

The tests will consist 

This report presents the details of the investigation including 

installation, instrumentation, data reduction requirements and speci fics 

concerning conduct of the test. 

I. INTRODUCTION 

A wind tunnel (PWT-16T) investigation of several 10% scale, flexible 

Disc-Gap-Band (DGB) parachute models behind the Viking Entry Vehicle (EV) 

and Lander and Base Cover (WBC) forebodies was conducted over a range of 

Mach numbers of 1.4 - 0.2. This investigation was primarily concerned with 

variations of parachute assembly trailing distance and suspension line 

length to nominal parachute diameter ratio. Increased suspension line 

length provided for increased parachute performance during the investigation. 

Accordingly, it is required to determine the influence of both increased 

suspension line length and trailing distance upon parachute performance over 

the range of Mach numbers from 1.7 to 2.2; the latter Mach number i s  the 

present: Viking decelerator system deployment Mach number while 1.7 i s  the 
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a n t i c i p a t e d  lowest a v a i l a b l e  Mach number i n  the  FWT 16s f a c i l i t y .  The 

mafor t e s t  ob jec t ives  a re :  

1. Obtain the drag performance of DGB parachute assemblies a t  

X/d = 8.5, S/D = 1.73 and Sld = 6.5,  S/D = 1.17  over the  

Mach number range of 1.7 - 2.2; 

0 0 

2 .  Obtain the deployment shock loads a t  M = 2.2 f o r  both assemblies  

noted above; 

3 .  A s  a [unction of parachute assembly s u r v i v a b i l i t y ,  extend the Mach 

number range t o  M = 3.0; 

Obtain "chute alone' '  performance d a t a  f o r  a parachute assembly 

of s i D o  = i.73; and, 

4.  

5. I n v e s t i g a t e  the performance of o t h e r  parachute assemblies i f  t he  

a l l o t t e d  tunnel  occupancy time permits .  

This  r e p o r t  p resents  t he  d e t a i l s  of t he  i n v e s t i g a t i o n  inc luding  model, 

ins t rumenta t ion  and d a t a  reduct ion requirements.  

X I .  SYMBOLS AND XOMENCIATURE 

A .  Model Configurat ion Nomenclature 

Symbol 

A140BC6 

C onf i gura t ion  

Entry veh ic l e  conf igura t ion  w i t h  140' cone forebody and 

s p h e r i c a l l y  blunted nose (Figure l ( a ) )  . 
P Parachute assembly - includes canopy, suspension l i n e s ,  

swive l ,  r i s e r  l i n e  ( i f  necessary)  and b r i d l e .  

d Maximum diameter of Entry Vehicle (13.8 inches) .  

un in f l a t ed  (reference)  diameter  of parachute ( 5 . 3  f t . ) .  
0 

D 

R E f f e c t i v e  length of r i s e r  l i n e .  
- 'eff. 

R Longi tudinal  length of r i s e r  l i n e  a s  measured from b r i d l e  
t o  cha in  l i n k  attachment t o  swive l .  X 

2.  



11. SYMBOLS AND NOMENCLATURE (Continued) 

A. Mode 1 Conf igura t ion  Nomenclature (Continued) 

Configurat ion Symbo 1 

S Parachute suspension l i n e  length.  

Longi tudinal  d i s tance  from maximum diameter  of  Entry 
Vehicle t o  parachute canopy i n l e t .  

DGB Disc -Gap-Band 

B. Data Reduction Symbols 

Load c e l l  drag fo rce  ( l b s )  - t ,  measures t o t a l  load of 
forebody and parachute;  f ,  measures forebody load only. Lcf 

T Tensiometer drag force  ( lb s )  - measures parachute a x i a l  
force .  

T 
C Parachute drag  c o e f f i c i e n t  ( U t )  

DP - K o r  
qooSre f . qoo’ref. 

C 
pB 

Base pressure  c o e f f i c i e n t  PB - P 
00 

K Drag c o e f f i c i e n t  va lue  t o  account f o r  forebody drag  
c o e f f i c i e n t  based upon parachute  re ference  a rea .  

M Tunnel Mach number. 

Free stream dynamic pressure .  qoo 
Parachute  re ference  a r e a  c - 2  Ir Do I 4  = 22.06 f t  2 . 

r e f .  S 

Angle of a t t a c k  of  forebody (degrees) .  d 
Angle between v e l o c i t y  vec to r  and assumed parachute  
c e n t e r l i n e  through load c e l l  (degrees) .  

3 .  



ZiI . MODEL INSTALMTION AND IMS'I'RUMENTATION 

A. Model 

The 10% Entry Vehicle model (Figure 1) i s  i d e n t i c a l  t o  t h a t  pre-  

v ious ly  u t i l i z e d  dur ing  the Reference 1 i n v e s t i g a t i o n .  

5. Parachutes 

The parachute canopies a r e  of t,he DGB type.  Table I presents  the 

geometric p rope r t i e s  of the  parachute(s) .  Table I1 presents  a d d i t i o n a l  

geometry f o r  each parachute including the  t r a i l i n g  d i s t a n c e  va lues ,  

l engths  of " r i s e r "  requi red  and e f f e c t i v e  r i s e r  lengths .  The suspension 

l i n e s  a r e  200 lb .  t e s t  braided nylon. 

T'ne parachute suspension l i nes  a r e  f i t t e d  t o  a 1.75 O.D. x .2S t h i c k  

r i n g  which is  mated t o  a swivel  design the  d e t a i l s  of which a r e  presented 

i n  drawing SK837581308. The swivel e i t h e r  mates wi th  length  of cab le  r i s e r  

l i n e  o r  d i r e c t l y  wi th  a tensiometer.  This i s  f i t t e d  t o  a length of 2 cha in  

ova l s  which mates wi th  the  b r i d l e  assembly from the  mode:. A r igg ing  

diagram i s  presented i n  drawing SK837J81309. 

C .  I n s t a l l a t i o n  

The model i n s t a l l a t i o n  w i l l  e s s e n t i a l l y  d u p l i c a t e  t h a t  u t i l i z e d  dur ing  

t h e  Reference 1 inves t iga t ion .  The parachute w i l l  be pro tec ted  by being 

packaged i n  a tube mounted near  the model support  s t r u t  lower end and 

pneumatical ly  deployed a f t e r  t h e  des i r ed  t e s t  cond i t ion  has been e s rab l i shed .  

The suspension l i n e s  w i l l  be l ed  up the  model s t r u t  t r a i l i n g  edge and t i e d  

with break cord which s e r v e r s  as the chute  deploys.  

D. Ins t rumenta t ion  

The t e s t  ins t rumenta t ion  w i l l  c o n s i s t  of t he  following: 

For the  Entry Vehicle models runs - 2 load c e l l s  and tensiometer  

BLH C2M1 - 500 l b  - measures EV load 

4 .  
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BLH C 2 M 1  - 2000 l b  - measures EV + parachute  load 

SK837581303 De ta i l  003 (Ref. 2 page 27) - measures 

parachute load 

For parachute  alone runs - 1 tensiometer  

SK837581303 d e t a i l  003 (Ref. 2 page 27) - measures 

parachute load 

During EV model runs,  base pressure  i n  3 loca t ions  w i l l  be obtained.  

The photo coverage and c.mera spceds w e d  d u r i n g  the  Reference i 

Temperature a s  recorded dur ing  t h e  i n v e s t i g a t i m  w i l l  be obtained.  

Reference 1 t e s t s  w i l l  a l s o  be obtained.  

I V .  TEST DESCRIPTION AND PROCEDURE 

A .  Tunnel Condi t ion 

The tunnel  should be operated a t  t he  lowest p r a c t i c a l  dynamic pressure  

commensurate wi th  e f f i c i e n t  opera t ion .  

i s  des i r ed .  

t han  100 psf should be avoided. 

p a r i s o n  of t unne l  Reynolds numbers w i t h  f l i g h t  Reynolds numbers. 

A dynamic pressure  q FS80-100 psf 

To enhance parachute ' s u r v i v a b i l i t y ,  dynamic pressure  g r e a t e r  

The fol lowing t a b l e  r ep resen t s  a com- 

Tunnel Reynolds number i s  based upon a cons tan t  tunnel  dynamic pressure  

F l i g h t  Reynolds number i s  based upon the of 90 psf and tunnel  T 

minimum su r face  d e n s i t y  atmosphere over the Mach number range. 

= 120'F. t o t  

Mach Number 1.6 1 .7  1.8 1.9 2.0 2 . 1  2 . 2  

Tunnel Reynolds No. X ~ O - ~  .485 .456 .451 .459 .469 ,477 .487 

F l i g h t  Reynolds No. x ~ O - ~  .915 .940 .965 .995 1.03 1.05 1.09 

The Reynolds numbers are based upon the  maximum diameter of t he  EV. 

5. 



B. Test  Procedure 

The parachute  model canopy se l ec t ed  f o r  t h e  s p e c i f i c  tes t  run w i l l  

be packed i n  a bag which w i l l  be furnished by Goodyear Aerospace 

Corporat ion f o r  each t e s t  parachute.  

w i l l  be bundled ou t s ide  of the packed bag. The package vi11 be placed 

w i t h i n  a 5" I . D .  tube f ixed  t o  the model support  s t r u t  and the  suspension 

l i n e s  and r i s e r  l i n e  t i e d  t o  the s t r u t  a t  i t s  t r a i l i n g  edge with break 

cord a t  s e v e r a l  v e r t i c a l  s t a t i o n s .  A s t r app ing  arrangement w i l l  r e t a i n  

the  chute  bag wi th in  i t s  cann i s t e r .  A pneumatically operated Styrofoam 

The parachute  suspension l i n e s  

p i s t o n  w i i i  e j e c t  t he  parachuEe-bag combination whiie  che solenoid 

operated pi-il p.ci::er re?easea the  &..!-e Luuc s t raps .  The d e p l ~ p e i i t  o f  the 

chute  w i l l  s e q u e n t i a l l y  sever  t he  break cord which absorbs energy thereby 

minimizing the shock load a t  complete l i n e  s t r e t c h .  Chute deployment w i l l  

be i n i t i a t e d  a t  peak Mach number and d a t a  w i l l  be obtained a t  s p e c i f i c  

Mach numbers as tunnel  speed i s  progressively reduced. This w i l l  cont inue  

u n t i l  a Mach number of about 1 . 7  is  obtained.  I f  the  chute  has survived 

d a t a  w i l l  then be obtained up t o  Mach number = 3.0 before tunnel  s h u t  down 

and model replacement. 

The p rec i se  order  of runs has no t  been e s t ab l i shed  as  of t h i s  w r i t i n g .  

Table  11, however, i d e n t i f i e s  the s i x  ( 6 )  a v a i l a b l e  parachutes and the  

intended t e s t  parameter geometry f o r  each parachute .  

6 .  



v. DATA REDUCTION 

O f  primary importance i s  the drag performance of the parachute i n  the  

wake of the  forebody. The da ta  reduct ion  procedures e s t a b l i s h e d  as  per  

the  r e fe rence  1 i n v e s t i g a t i o n  will be followed f o r  these  t e s t s .  

AEDC w i l l  f u rn i sh  the following s p e c i f i c  i tems: 

1. Reduced forebody drag c o e f f i c i e n t  from Load C e l l  8 1  - drag c o e f f i -  

2 2 c i e n t  based on S = 22.06 f t  and a l s o  SrEf = 1.04 f t  . r e  f 

2. Reduced t o t a l  drag c o e f f i c i e n t  from Load C e l l  #2 - c o e f f i c i e n t  
3 

based on S = 22.06 ft'. r e f  

3.  Reduced parachute  drag c o e f f i c i e n t  based upon Load C e l l  112 and 

Load Cell  81 values  o r  Load Ce l l  112 and an e s t ima te  of forebody drag  

c o e f f i c i e n t  furn ished  by Mart in  Mar ie t ta  Corporation. 

4 .  Reduced parachute  drag c o e f f i c i e n t  based upon Tensiometer va lues  - 

c o e f f i c i e n t  based on Sref = 22.06 f t 2 .  

NOTE: Data reduced f o r  1-4 above based upon FAMROS t i m e  averaged values .  

5. Base pressure  c o e f f i c i e n t  va lues  f o r  3 s t a t i c  pressures  i n  model 

base  region.  

6. Load c e l l  thermocouple da t a  when appl icable .  

7 .  L i s t o u t  of a l l  p e r t i n e n t  t unne l  t e s t  condi t ions .  

8. Motion p i c t u r e s  from 5 cameras; 70 mm s t i l l  photos.  

9. Analog tape of a l l  loads and pressure  da t a .  

..,-nTn n u ~ a :  ZRIG time mark on f i i m  and tape. 

On-line d a t a  w i l l  c o n s i s t  of reduced drag c o e f f i c i e n t  based on FAMROS 

read ings ;  o sc i l l og raph ,  TV screen and Tunnel condi t ion  l i s t o u t  w i l l  a l s o  

be provided. 

7. 
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TABLE I - GEOMETRIC PROPERTIES OF PARACEIRE 

. 

ITEM TIVg VALUE 

Nominal Diameter 

To ta l  Area (So)* 

Ge m e  t r i c  Poros i ty  * 
Disk Area** 
Disk Diameter 

Gap Area 
Gap Width 

Band Area 

nmd Width 
Vent Area 

v e ~ t  Diameter *. - 

DO 

nD2/4 0 

0.125 So 

0.53 So 

0.726 Dn " 
0.12 so ' 

0.042 Do 

0.35 S 
n 131  

0 

0 

0.005 So 

0.07 D 
0 

N u m b e r  of Suspension Lines  ---- 
Thickness of Suspension Lines  0.00011 D- (FS) 

U 

0.00157 Do (model)' Thickness of Suspension Lines  
Ac tua 1 Iv Te s t ed  

0 
Suspension Line Lengths 1.16 D 

1.52 Do 
1.85 Do 

2.26 D 
0 

* 
* 
w-k Inc ludes  Vent 

+ 

Disk + Gap + Band 

Gap + V e n t  provide 12.5 percent  geometric po ros i ty  

Based on wide edge dimension 

9. 

VALUE 

5.3 f t  

22.06 f t 2  

11.69 f t 2  

2 2.65 f t  

.223 f t  

7.72 f t  

2.76 f t 2  

3.85 f t  

L/.? cc 
.UTA L L  

-110 f t 2  

.37i ft 

48 

.07 i nch  

0.100 inch 

6.148 f t  

8.056 f t  

9.805 f t  

11.980 f t  



TABLE 11 PARACHUTE TEST PARAMETER GEOMETRY 

S e r i a l  No. S /DQ - X/D 

6A 1.73 8.53 i05.5 .63 -- 
7A 1.16 6.5 70.5 37.29 35.7 

5A 1.73 8.53 105.5 .63 -- 
--- ? A  1.85 J .  ZLt .30 - -  LL3.5 

. t * c I  0 3 I .  

-- T.9 2A 1 , 7 3  8.53 105.5 . (Jd 

7 1.16 8.5 70.5 37.29 35.7 

. 
10. 



2.536-4.158-- -1 
3.690 

8 

6.968 

6.900 4 
I 

I I 
. . . .- . I I 3.00 Dia. 

. -. 

13.800 

Model Parting Line (Ref.) 7 
. 

NOTE: ALL DIMENSIONS IN INCHES 

Fig.  1 

ENTRY VEHICLE MODEL GEaMETRY 
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